Results of Instrumented Posterolateral Fusion in Treatment of Lumbar Spondylolisthesis with and without Segmental Kyphosis: A Retrospective Investigation
Szu-Yuan Chen, Meng-Ling Lu, Chi-Chien Niu, Tsung-Ting Tsai, Jen-Chung Liao, Lih-Huei Chen, Wen-Jer Chen S pondylolisthesis is an anterior subluxation or displacement of one vertebral body in relation to another, such as subluxation of the caudal vertebra in the sagittal plane. [1] According to the Wiltse classification system, spondylolisthesis is classified into five types based on the causes: Congenital, degenerative, isthmic, traumatic, and pathologic. [2] In Taiwan, the prevalence of lumbar spondylolisthesis is 6% in women and 3% in men. [3] Spondylolisthesis is one of the most common conditions for which surgery is performed; [4, 5] however, conservative management remains the treatment of choice until the patients develop progressive or disabling symptoms, intractable backache along the spinal axis, or Treatment by posterolateral fusion with pedicle-screw instrumentation can be unsuccessful in one-segment and low-grade lumbar spondylolisthesis. Segmental kyphosis, either rigid or dynamic, was demonstrated to be one of the factors interfering with the fusion results.
What this study adds to the field
For the patients with low-grade spondylolisthesis and segmental kyphosis, such as rigid or dynamic kyphosis, pedicle-screw fixation cannot ensure successful posterolateral fusion. Interbody fusion by the posterior lumbar interbody fusion or transforaminal lumbar interbody fusion technique might help overcome this problem. significant neurological deficits. Surgical treatment is performed to achieve neurological decompression, maintain the lumbar stability, and correct the sagittal and coronal alignment of the vertebral column. Surgical alternatives include posterior decompression, posterolateral fusion (PLF) with or without instrumentation, [6] [7] [8] [9] [10] [11] and interbody fusion. [12, 13] However, the ideal surgical approach remains debatable in routine practice. Although PFL with pedicle-screw instrumentation is a well-accepted method for treating lumbar instability, certain factors are thought to interfere the fusion by this method, and a range of clinical fusion rates have been reported in the literature. [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] Bridwell et al observed more successful and higher fusion rates in the group with pedicle-screw fixation than in that without any instrumentation. [7] However, McClain et al observed a high rate of failure of the hardware, especially when the anterior instability was left untreated. [18] Suda et al concluded that in the treatment of isthmic spondylolisthesis by PLF with pedicle-screw instrumentation, factors such as preserved disc height and segmental kyphosis influence the fusion and lead to pseudoarthrosis or instrument breakage; [21] they hypothesized that segmental kyphosis, rigid or with flexion, represents anterior column insufficiency and is one of the factors interfering with the fusion.
In this study, we recruited 239 patients with single-segment, low-grade lumbar spondylolisthesis with or without segmental kyphosis. All the patients were treated by PLF with pedicle-screw instrumentation without interbody fusion in our institution between January 2004 and December 2005. In this retrospective study, we collected and compared the radiographic and clinical results of these patients.
METHODS
From 2004 to 2005, before the introduction of the interbody cage system at our facility, 259 patients with single-level spondylolisthesis and PLF with pedicle-screw instrumentation were recruited. Of these, 20 were excluded because of pedicle-screw malposition, incomplete clinical data, and inadequate follow-up periods. Thus, 239 patients (77 men and 162 women; average age, 57.1 ± 12.7 years) with the average follow-up of 31 ± 19 months remained for the final analysis. The etiology was degeneration in 187 patients (78%) and isthmus spondylolytic type in 52 patients (22%). In 149 (62.3%) of the patients, spondylolisthesis was located over the L4/L5 levels; it was also located at the L3/L4 level (11 patients, 4.6%) or L5/S1 level (42 patients, 18%).
The inclusion criterion for the study was as follows: Single-segmental lumbar spondylolisthesis with grade I or II slippage based on the Meyerding system, [25] which was treated by PLF with pedicle-screw instrumentation and autogenous bone grafting. None of the patients were treated by interbody fusion. Informed consents were obtained from all the patients before performing the operations, and all of them were followed up for at least 1 year after the operation.
In total, 259 patients met the inclusion criterion. However, patients with hardware complications (such as pedicle-screw malposition), inadequate durations of postoperative follow-up (less than 1 year), and incomplete clinical data were excluded from the study. Twenty patients were excluded: 17 because of incomplete clinical data or an inadequate duration of follow-up, 2 because they had undergone re-operation for the removal of malpositioned pedicle-screws, and 1 for undergoing re-operation for adjacent instability within 1 year of the operation.
We performed transverse process decortication and intertransverse process bone grafting by using local bone chips obtained by laminectomy and autogenous iliac bone grafts. Taillard's method was adopted for the documentation of the slippage degree in the patients on the basis of the results of lateral dynamic radiographs of the lumbar spine. [26] In order to control the magnification bias in the radiographs, we calculated the ratio of the slip distance to the length of the upper endplate of the lower vertebral body. The anterior disc height was measured by determining the length of the perpendicular line from the upper endplate of the lower vertebra over the anterior superior border of the lower vertebra, and the posterior disc height was measured by determining the length of the perpendicular line passing from posterior inferior border of the upper vertebra, as previously detailed. [27] The 239 patients included in this study were divided into two subgroups according to the presence or absence of segmental kyphosis. Group 1 (control group) consisted of 129 patients without segmental kyphosis and group 2 (study group) had 110 patients with segmental kyphosis. We defined segmental kyphosis as a condition where the anterior disc height was less than the posterior disc height within two adjacent vertebrae in the upright and neutral position (rigid kyphosis) or in the flexion position (dynamic kyphosis) [ Figure 1 ]. Segmental kyphosis was considered to represent insufficient anterior column support and was proved to be one of the risk factors leading to instrumentation failure and pseudoarthrosis. [21] We obtained plain radiographs of the anteroposterior and lateral views of the lumbosacral spine and the dynamic flexion-extension views before and 3, 6, 9, and 12 months, and annually after the operation during the follow-ups. An independent orthopedic surgeon who was not involved in the surgeries reviewed all the radiographs.
The fusion results of arthrodesis were judged on the basis of the Lenke classification system, [28] according to fusion mass formations observed on the plain radiographs [ Figure 2 ]. Definite solid fusion was considered to be achieved in the presence of big, bilateral, solid, trabeculated fusion masses. Possible solid fusion was considered to be achieved if large, unilateral, fusion masses were detected along with small, contralateral ones. Cases of fusion segments with bilateral, small, and thin fusion masses were considered as probably not solid arthrodesis, and those of fusion segments showing absorption of bilateral fusion masses or obvious pseudoarthrosis were concluded to be definitely not fused. Cases of definite solid fusion and possible solid fusion were considered as adequate arthrodesis, and others were considered to be inadequate arthrodesis.
Data analysis
The binary logistic regression test was applied for comparing the results of fusion by arthrodesis. The unpaired Student's t-test and the Chi-square test were used to compare the continuous and nominal data, respectively. A difference of 0.05 was considered statistically significant. Statistical analysis was conducted by an independent statistician blinded to the surgical outcomes. Statistical analysis was performed by using the SPSS software, version 13.0 (LEAD Technologies Inc.).
RESULTS
There were no significant differences between the two groups with respect to the demographic data, except for gender distribution [ Table 1 ]. The percentage of male population was higher in the group without segmental kyphosis (41.8% in group 1 and 20.8% in group 2, p < 0.05). The anterior column insufficiency was more severe and the disease more advanced in female patients than in male patients.
The surgical outcomes between the study and the control groups were similar, without any significant differences in the operative time, blood loss, length of hospital stay, and complication rates [ Table 2 ].
The fusion rates were 90.7% and 68.2% in groups 1 and 2, respectively; the odds ratio between the two groups was 4.5 (95% confidence interval: 2.2-9.3, p < 0.001), which shows a significantly higher arthrodesis rate in patients without segmental kyphosis after they received instrumented PLF [ Table 3 ].
One patient in whom proximal adjacent degeneration was observed 4 years after the operation received revision PLF; acute cervical epidural hematoma compression related to Frankle B neurologic deficit was observed in another patient of group 1 on the first day after the operation. One patient was observed to have distal adjacent degeneration 21 months after the operation, one was observed to have Foley catheter related urethral trauma, one was observed to have superficial wound infection during the second month after the operation, and one more patient was observed to have a broken Hemovac drainage tube -all these patients belonged to group 2.
Two cases with similar severity of slippage presented in Figure 3 were demonstrated to have different instrumented PLF results because of various degree of anterior column stability. Without segmental kyphosis of the affected functional unit, patient of Figure 3A had better fusion result than the patient of Figure 3B .
DISCUSSION
Which surgical approach should be used to treat spondylolisthesis is a debatable issue. [14] [15] [16] [17] [18] [19] [20] [21] Instrumented PLF has long been widely accepted as the standard method for vertebral fusion for treating spinal instability and for restoring spinal alignment, [6, 7, 29, 30] but failure of fusion and pseudoarthrosis are common in this method. [15] [16] [17] [18] [19] [20] [21] Use of a combination of anterior and posterior fusion in the 1990s (severity of displacement was 22% and 13% in the flexion and extension positions, respectively); no rigid or dynamic kyphosis was observed. Laminectomy was performed between the lower half of L4 and the upper half of L5 in addition to L4 and L5 PLF with the Smartloc pediclescrew system and autologous iliac bone grafting. Follow-up radiographs 2 years after the operation showed formation of a big, solid, bilateral fusion mass. (B) Another 55-year-old woman with L4 grade I degenerative spondylolisthesis over L5 (severity of slippage was 27% and 29% in the flexion and extension positions, respectively) and obvious rigid and dynamic kyphosis. Instrumented L4 and L5 PLF by Smartloc and autologous iliac bone grafting after adequate nerve decompression were performed. Fusion-graft absorption with bilateral pseudoarthrosis was diagnosed from the follow-up radiographs. contributed to improved fusion rates in the surgical treatment of spondylolisthesis. [31, 32] After the development of interbody cage fusion, there have been numerous reports on the benefits of the combination of instrumented PLF and interbody fusion for high-grade spondylolisthesis [13, 27] owing to their biomechanical advantages and better anterior column supports. [33] Interbody fusion with a cage is beneficial in that the load-bearing capacity of the vertebral column is restored, intervertebral disc height is maintained, intervertebral foramina is distracted, stabilization is immediate, and larger and excellent fusion bed is achieved between the vertebral bodies, thus providing a greater contact area for fusion. [34] However, the need for additional anterior column support for low-grade displacement is debatable since various clinical outcomes have been reported. [32, [34] [35] [36] [37] [38] [39] [40] Kim et al compared PLF, posterior lumbar interbody fusion (PLIF), and PLIF in combination with PLF in a recent prospective randomized study on degenerative lumbar diseases and concluded that there were no significant differences in the clinical results and union rates. [37] In a study by William et al as well, no consistent differences were noted in the clinical outcomes of groups treated with PLF and PLIF. [35] In a randomized controlled trial conducted by Inamdar et al on a small patient population (11 patients in each group), no incidence of pseudoarthrosis with 100% fusion rate was observed in patients treated with PLF and PLIF. [40] Dantas et al observed better clinical outcomes and fewer complications in the patients who underwent PLIF in combination with PLF than those who underwent PLF alone. [41] In the study by Müslüman et al, the early clinical outcomes of higher fusion ratio and better clinical results were achieved by concomitant PLF and PLIF treatments. [39] Lei Cheng et al also documented better fusion rates and lower complication rates in the group of patients who underwent PLIF in combination with PLF; however, no significant statistical differences were observed. [34] Swan et al found significantly better outcomes with circumferential fusion at 6 months and 1 year postoperatively than the patients who received instrumented PLF; however, the results in the two study groups were similar 2 years after the treatment. [36] These inconsistent clinical results may be attributed to grouping errors. Insufficiency of vertebral anterior column support had not been identified in either group, and preexisting damaged anterior columns can be attributed to the lower fusion rate in the aforementioned studies. Anterior column insufficiency may also have influenced the results of instrumented PLF.
Some authors consider the interbody fusion technique as being disadvantageous because it leads to excessive bleeding and is associated with prolonged operation time, [38] more extensive dissection and dural manipulation, and potential devastating complications such as end-plate erosion, cage displacement with neural component compression, and higher construct stiffness resulting in excessive load on adjacent segments. While these are the potential risks involved in circumferential vertebral arthrodesis, application of interbody cages for fusion results improvement of low-grade spondylolisthesis should have appropriate indications.
Our results suggest that local kyphosis, either rigid or dynamic, can be easily measured in order to quantify the degree of anterior column stability and is an important risk factor contributing to failure of instrumented PLF in the treatment of single-segmental and low-grade spondylolisthesis. In our study, we found that pedicle-screw fixation cannot ensure successful fusion in patients with sagittal imbalance such as rigid kyphosis, or severe disc insufficiency such as dynamic kyphosis. These might be a good indication for interbody fusion cage implantation for additional anterior column support and circumferential fusion.
In the bovine cadaveric study conducted by Oda, [42] instrumented PLF alone was biomechanically adequate when the load-sharing function of anterior column was preserved. If the anterior column is damaged, pedicle-screw fixation alone cannot restore sufficient stability and leads to excessive stress on the posterior instruments with higher instrumentation failure rates. These results are consistent with our findings, thus indicating that either dynamic or rigid kyphosis contributes to statistically low arthrodesis rates. Interbody cages should be considered for increasing segmental stability and avoid instrumentation failure in the case of damaged anterior columns. Similar results were obtained in the retrospective long-term follow-up study conducted by Suda et al, [21] who concluded that preoperative segmental kyphosis in the upright neutral position leads to instrumentation failure and pseudoarthrosis in the treatment of isthmic spondylolisthesis patients who have received instrumented PLF. Ha et al inferred that interbody fusion maintained the sagittal profile and improved the fusion rates and clinical results in patients with unstable spondylolisthesis, a condition defined as having a degree of slip that was greater than 4 mm or a slip angle greater than 10°. [27] Since severity of vertebral translation is a well-known risk factor leading to failure of instrumented PLF, we focused on the patient group with grade I or grade II spondylolisthesis. Damaged anterior column support was quantified as diminished anterior disc height compared with posterior disc height in upright neutral position (rigid kyphosis) or in flexion position (dynamic kyphosis). Both dynamic and rigid kyphosis indicated insufficient intervertebral disc support and proved to lead to inferior osseous fusion results when instrumented PLF alone was performed. In such circumstances, additional anterior column support by using interbody cage may provide adequate stability and help achieve successful circumferential fusion. Further comparative studies should be conducted to confirm the effectiveness of instrumented PLF with and without additional interbody fusion either by PLIF or transforaminal lumbar interbody fusion (TLIF) technique for treating low-grade and two-segmental spondylolisthesis by our indications.
Conclusions
Although PLF with pedicle-screw instrumentation is a well-accepted procedure for the treatment of lumbar spondylolisthesis, anterior column stability is thought to influence the fusion results. Segmental kyphosis, either rigid or dynamic, is believed to be an important risk factor for pseudoarthrosis. Instrumented PLF in patients without segmental kyphosis can help achieve significantly high rate of osseous fusion (90.7%) and is sufficient for the stabilization of spondylolisthesis without segmental kyphosis. Circumferential fusion by using interbody cage is not required for these patients because of the high complication rates and additional costs associated with this technique.
For the patients with sagittal imbalance such as rigid kyphosis, or severe disc insufficiency such as kyphosis with flexion, pedicle-screw fixation cannot ensure successful PLF (fusion rate of 68.2%), and interbody fusion by PLIF or TLIF techniques might help overcome this problem.
